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Abstract 
The article provides the correlation analysis of thermo-insulation layer thickness of the typical pitched roof detail and its investment 
payback period in the traditional new construction single-apartment residential and net-zero energy building. The calculations are carried 
out between the building's energy efficiency class and the building construction geographic area. On the basis of the results a simple and 
real payback period was calculated. The main aim – thermal transmittance coefficients of roof must satisfy the normative value of 
technical regulation of construction and European standards. Lithuania was chosen as the research object. Calculations for seven towns 
were carried out: Vilnius, Kaunas, Klaipeda, Siauliai, Panevezys, Utena, and Dukstas. Correlation analysis results are important not only 
for designers making decisions in a pre-projection stage, but also for the auditors and experts of buildings energy consumption. 
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Nomenclature 
dn thickness of the partition layer (m) 
R thermal resistance (m2·K/W) 
U thermal transmittance coefficient (W/(m2·K)) 
PS simple payback period (years) 
TAL real payback period (years) 
Greek symbols 
λ thermal conductivity coefficient (W/(m·K)) 
θ temperature (ºC) 
Subscripts 
t total 
r roof 
N normative 
* Corresponding author. Tel.: +37062375003. 
E-mail address: donatas.aviza@dok.vgtu.lt 
Available online at www.sciencedirect.com
 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of the Vilnius Gediminas Technical University
121 Donatas Aviza et al. /  Procedia Engineering  57 ( 2013 )  120 – 126 
 
1. Introduction 
Since 2020 December 31, all European Union Member States, must ensure that all newly constructed buildings would be 
nearly of zero-energy buildings, according to requirements of the European Directive 2010/31/EU. 8-year period are set to 
achieve this aim [6]. 
Effectively designed and built buildings with almost unconsumed energy (A++ class) is a big challenge not only for 
Lithuania but also for Europe. Foreign scientists experience and analysis on this problem is limited. 
Therefore, scientific achievements in this direction are necessary and timely, this emphasize in articles [1]. 
The buildings sector has a large potential for energy savings, because about 40% of the total amount of energy is 
consumed in this field [2-3]. The debate on these problems are occur and on an international scale. United States of America 
is confirmed energy-saving declaration (“The Energy Independence and Security Act of 2007”), which provides reduction 
of energy consumption in the buildings sector until 2030, and fully implement the reforms until 2050 [6]. 
Energy consumption and management are actual and for Asia region due to environmental control and financial reasons. 
In particular, the high energy consumptions in the buildings sector are in China. About 40 billion m
2 of usable area of 
buildings are built in China until 2006, and this numbers are growing. Chinese aim is to increase up 20 % energy efficiency 
in the period of 5-year [13].  
Increasing of energy efficiency in the building sector in Lithuania is also a big objective. In order to achieve these 
objectives on time, i.e. pass from the minimum requirements of “C” class of the energy efficiency in to A++ class (Fig. 1), it 
is important to rationally evaluate climate parameters and influence of payback on the final decision making.  
 
Fig. 1. Classification of energy efficiency of buildings Class: A++ indicates a highly energy-efficient building;  
Class G indicates an energy-inefficient building. 
The allocation of the buildings according to energy efficiency classes are regulated by heat transfer coefficients of 
external partition (UN, W/(m
2·K)) and the specific heat loss (HN, W/K), which is also directly depends on the heat transfer 
coefficients [10]. Normative requirements of roof partitions of heated single-apartment residential buildings have been 
investigated in this study, see Table 1. 
                                              Table 1. Normative value of thermal transfer coefficient of roofs in a single–apartment residential buildings UN.r., W/(m
2·K) 
No. Energy performance class UN.r, W/(m
2·K) 
1 С 0.16·κ 
2 A 0.10·κ 
3 A+ 0.09·κ 
4 A++ 0.08·κ 
The multiplier κ = 20/(θi – θe), here θi – indoor temperature during heating season, shall be 
θi = 20 °C; θe – the average outside air temperature during a heating season , see Table 2. 
 
The research object of the study is thermo-insulation layer thickness of roof element and its payback time. Single-
apartment residential buildings are constructed usually with attic in Lithuania therefore the thermo-insulation layer is placed 
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between the wooden rafters. Traditional universal stone wool slabs are used as insulation, with declared value of thermal 
conductivity coefficient in this study – λdec = 0.036 W/(m·K).  
Calculations were performed for seven characteristic Lithuanian cities, due to find out the influence of climate and 
geographic location on thermo-insulation layer thickness. Average outside air temperature (Table 2) has been adopted 
according to data of The Norm on Construction of the Republic of Lithuania RSN 156-94 “Building climatology”. 
                                          Table 2. The average outside air temperature during a heating season and duration of a heating season in days 
Location A heating season start/end <10 °C 
The average temperature, θe ,°C Duration in days 
Siauliai 0,6 222 
Panevezys 0,4 218 
Klaipeda 1,9 214 
Utena 0,1 221 
Dukstas -0,3 223 
Kaunas 0,7 219 
Vilnius 0,2 225 
Lithuania 0,6 220 
 
The problem is that Lithuania is evaluated as one climatic region, with average outside air temperature +0.6° during 
heating season, according to normative energy efficiency documents which are valid in Lithuania. In different climatic 
zones in Lithuania is different outside air temperature, therefore using correlation dependence functions, calculation solution 
of thermo-insulation layer thickness of roof partition will be examined in this work.  
The calculation methodology of heat transfer coefficient of the typical pitched roof elements and correlation dependence 
of the thermo-insulation thickness on energy performance class and type of geographic construction location of the 
buildings has been analysed in another part of the article. Later, a simple and real investment payback period are calculated 
on the basis of the obtained results.  
2. Estimated thermal transfer coefficient of a pitched roof and the investment payback period calculation 
methodology 
The total heat transfer coefficient U (W/(m
2
⋅K)) of pitched roof with ventilated air layer (Fig. 2a) can be calculated as 
follows Eq. (1): 
 
1
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.
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U
R R RR
= =
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 (1) 
Here: Rt is the total thermal resistance of roof (m
2
⋅K/W). Rsi is the thermal resistance of internal surface of the roof (m
2·K/W). In a 
partition with a well-ventilated air layer, two Rsi values shall be used [10]; Rs1 is total thermal resistance of roof layers (m
2·K/W). 
The sum thermal resistance Rs1 (m
2·K/W) of roof calculated according following expression Eq. (2): 
 1 1 2 .... ( );s n g qR R R R R R= + + + + +  (2) 
Here: Rg is thermal resistance of unventilated air layer (m
2·K/W), in this work was not assessed, because the roof is ventilated; Rq is 
thermal resistance of thin layer (film) (m2·K/W); R1, R2, … Rn is thermal resistance of separate layers of the roof (m
2·K/W). 
Thermal resistance of separate layers of the roof calculated as follows Eq. (3): 
 ;n
ds
d
R =
λ
 (3) 
Here: dn  is thickness of the layer (m); λds is the design thermal conductivity coefficient of the used building material in the layer 
(W/(m·K)). 
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The influence of wooden frame on the heat resistance value of thermo-insulation layer has been estimated in the work 
accordance with Technical Construction Regulation [11] Appendix 9.  
The main verification condition is the heat transfer coefficient of roof partition must satisfy the normative requirements 
Eq. (4): 
 Ur ≤ UN.r;  (4) 
Here: Ur is the design heat transfer coefficient of roof partition W/(m
2·K), which directly depends on the investigation object, i.e. on 
thermo-insulation thickness (Fig. 2b); UN.r is normative heat transfer coefficient of roof partition W/(m
2·K), depending on the purpose of 
the building, energy efficiency class (Table 1) and the average outside air temperature during heating season, see Table 2. 
When required thickness of the thermo-insulation layer obtained, the simple materials and salary (investment) payback 
period are calculated Eq. (5): 
 
0I
PS
S
=
Δ
 (5) 
Here: I0 is the amount of investment to the additional insulation, euro/m
2; ΔS is annual savings, first year cost, euro/(m2·years). 
The annual savings are calculated according following expression Eq. (6): 
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(6) 
Here: ΔU is the difference heat transfer coefficients (before and after additional insulation) W/(m2·K); Δθ is the difference of inside and 
outside air temperature during heating season °C; t is duration of heating season, days (Table 2); E is heat energy costs, euro/kWh. 
The real payback period is calculated according expression Eq. (7): 
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+
 (7) 
Here: TAL is real payback period, years; d is the discount rate, evaluating increasing of energy price, unit parts/year; I0 and ΔS, see 
Eq. (5). 
 
 (a) (b) 
Fig. 2. (a) A diagram of a roof partition with a ventilated air layer [10]; (b) Research object – thickness of roof thermo-insulation layer d2, mm [8]. 
3. The research model 
Research model have been created for determination of correlation functions, using the following building design 
solutions: 
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• Typical pitched roof [12] element of single-apartment residential buildings was accepted in calculations (Table 3), where 
waterproofing is from permeable water vapour (diffusion) film and the insulating material are mounted between wooden 
rafters (Fig. 2). The influence of a volume of calculated “built space” of attic in this study was not analyzed. 
• Universal rock wool slabs (Paroc eXtra) were used for insulation. The value of heat conductivity coefficient declared 
λD = 0.036 W/(m·K). The design value of heat conductivity coefficient accepted: 0.041 W/(m·K) - between the rafters 
and 0.038 W/(m·K) – between studs.  
• Normative values of heat transfer coefficient of roof partition were accepted according to requirements of technical 
regulation of construction [10], assessing temperature adjustment κ = 20/(θI – 0.6), when θI =20 
oC. Regional - according 
to requirements of technical regulation of construction [11], assessing temperature adjustment κ = 20/(θi – θe), when θe 
accepted in Table 2. 
• The thickness of wooden rafters and girders was accepted to 50 mm and the value thermal conductivity coefficient was 
declared λD = 0.18 W/(m·K). 
• The price of insulation materials (Paroc eXtra) was accepted 131.43 LTL/m
3 (38.1 EUR/ m3). The additional price 
increases of timber due to increased rafters depth was also evaluated in this work.  
• Thermal energy cost was accepted (the average price of central heating systems in 2012) E = 0.2536 LTL/kWh (0.0735 
EUR/ kWh). 
• The discount rate, taking 6.2% [5] of the annual energy increase (Department of Statistics 2012), d = (-0.062)/(1+0.062)=     
-0.05838. 
                                           Table 3. Roof layers 
No. Roof layer Thickness, mm 
1 External roof structure – 
2 Spacer / min. 50 mm air gap – 
3 Roof underlay (non water permeable) – d1 – 
4 50 mm width timber joists every 600 mm / PAROC eXtra – d2, mm 250–600 
5 Vapour barrier (joints to be taped) – d3 – 
6 Studding 50×50 mm every 600 mm / PAROC eXtra  – d4, mm 50 
7 Inner surface / Plaster board– d5, mm 12,5 
 
Research calculations were performed using the same model/element (the same building design solutions), changing only 
the construction geographical location and climatic data. 
4. The research results 
The required thermo-insulation layer thickness of roof partition was calculated by approach method, according to 
methodology of calculation of heat transfer coefficient of the roof partition and energy efficiency normative requirements of 
construction partitions [10]. Calculation results are presented in Table 6. 
Thermo-insulation layer thickness increases proportionally with increasing energy efficiency class, when using 
traditional insulation materials (in this study – the universal stone wool panels) for pitched roof thermo-insulation. The 
normative thermo-insulation layer thickness increases 2 times for buildings with almost unconsumed energy (A++ class), 
comparing with current valid minimum requirements of energy efficiency class “C”, as shown in Table 6.  
The qualitative parameters were estimated, for determining the correlation relationship between the building energy 
efficiency class and thermo-insulation layer thickness of roof partitions. In this study were tested only 4 energy performance 
classes (“C”; “A”; “A+” and “A++”), because only they have normative values [10] of thermal transfer coefficients 
(Table 1). For that reason energy performance class “C” was assigned for 1 point; “A” – 2 points; “A+” – 3 points; “A++” – 
4 points (Table 4). Polynomial regression function was used for justification of calculations. The correlation coefficient in 
all equations were obtained equal to unity (R = 1). This shows that there is high-quality link between energy efficiency class 
and thermo-insulation layer thickness. 
It was found after calculations that, it is not correct to estimate Lithuania as one climatic zone. The currently valid energy 
efficiency calculating procedure is most suitable only for evaluation of Siauliai region (Table 6), because normative 
requirements values are coincides in this area. It was proposed to evaluate minimum 3-5 climatic zones. 
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                                                      Table 4. The qualitative parameters 
No. Energy performance class A qualitative parameter, x, points 
1 С 1 
2 A 2 
3 A+ 3 
4 A++ 4 
 
For designers, energy consumption auditors and experts to preliminarily evaluate the quantities of required materials, it 
was recommended to calculate thermo-insulation layer thickness of roof partition of single-apartment residential buildings 
according to obtained correlation relationship functions, see Table 5 and Fig. 3.  
                                                      Table 5. Needed thermo–insulation layer thickness (y), mm 
No. Location Correlation function (y), mm 
1 Dukstas y=25·x3-220·x2+685·x-170 
2 Vilnius ir Utena y=30·x3-255·x2+755·x-220 
3 Panevezys y=23.333·x3-205·x2+641.67·x-150 
4 Siauliai ir Kaunas y=23.333·x3-205·x2+641.67·x-160 
5 Klaipeda y=25·x3-215·x2+650·x-180 
6 Normative (Lithuania) y=28.333·x3-245·x2+736.67·x-220 
here x – Energy performance class, points (see Table 4) 
 
Fig.3. Graph of the correlation analysis (normative value) 
The annual savings was calculated by formula Eq. (7), after appropriate calculations of thermo-insulation layer thickness 
were performed. It should be noted that it is very difficult/unreliable to provide the inflation, income/interest rates and heat 
cost levels over the long period in developing/changeable economic condition of the country [9]. Therefore simple and the 
real payback period were calculated in the work. Investigation has been showed that there is no significant difference to 
divide Lithuania into separate regions, when calculating payback period. Therefore a common correlation relationship 
function can be used for whole Lithuania (normative requirement). Payback period was calculated using the formula Eq. (8) 
and Eq. (9): 
• simple payback period (y1, years): y1=0.3576·x
3-3.1174·x2+9.3470·x-2.6252
                                                                   
(8) 
• real payback period (y2, years): y2=0.3594·x
3-3.1331·x2+9.3941·x-2.6488 
                                                                       
(9) 
Here x is energy efficiency class, points (Table 4). The correlation coefficient is equal to unity (R = 1). 
5. Conclusions 
The correlation analysis of the typical pitched roof detail thermo-insulation layer thickness of a single-apartment 
residential building has been performed. At pre design stage, when selecting preliminarily quantities of required roof 
insulation materials for different regions of Lithuania, it is recommended to use a different correlation relationship 
functions. This is especially actually for calculating estimates and for performing economic investment calculations. 
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The required thermo-insulation layer (stone wool) thickness of the roof increases more than 2 times (Table 6), comparing 
the normative requirements of energy efficiency class “C” and buildings with almost unconsumed energy (A++ class). The 
pitched roof thermo-insulation layer thickness is varied by 7 cm between the warmest and the coldest region of Lithuania in 
this category. The investments are paid at the period of 8 years, see Table 7. 
               Table 6. The calculated thermo–insulation layer thickness (according to normative requirements) 
Energy 
efficiency 
class 
Thermo–insulation layer thickness, mm 
Difference, % Lithuania 
(normative) 
Dukstas Utena Vilnius Panevezys Siauliai Kaunas Klaipeda 
1 2 3 4 5 6 7 8 9 10 
C 300 320 310 310 310 300 300 280 12.50 
A 500 520 510 510 500 500 490 460 11.54 
A+ 550 580 570 560 560 550 550 510 12.07 
A++ 620 650 640 640 630 620 620 580 10.76 
Difference, t 2.07 2.03 2.06 2.06 2.03 2.07 2.07 2.07  
              Table 7. The calculated real payback period 
Energy 
efficiency 
class 
Real payback period, years 
Difference, % Lithuania 
(normative) 
Dukstas Utena Vilnius Panevezys Siauliai Kaunas Klaipeda 
1 2 3 4 5 6 7 8 9 10 
C 3.97 4.05 4.01 3.97 4.13 3.94 4.01 4.03 4.51 
A 6.48 6.41 6.46 6.39 6.49 6.46 6.43 6.54 2.22 
A+ 7.04 7.05 7.12 6.93 7.17 7.01 7.12 7.16 3.46 
A++ 7.80 7.77 7.85 7.77 7.93 7.77 7.89 8.00 2.84 
Difference, t 1.96 1.92 1.96 1.96 1.92 1.97 1.97 1.98  
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